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Choosing the right parameters for the study area is a compelling process. Parameters provide different
results when applied to different areas, and some of these parameters can be evaluated generally,

while others reflect the characteristics and properties of the areas. A comprehensive literature study

was conducted for this purpose. By conducting this study, only the studies in which the distance to
the road, drainage and fault were effective in the formation of landslides were evaluated. 64 landslide
areas in Turkey were selected for samplings used in the study. Literature research and case studies

were compared, and the effects of the distance from the road, fault and drainage on landslides were
investigated. Landslide-prone areas were determined according to the classification ranges for the
parameters. The classification ranges were selected according to the literature. This study, which is
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different from the examples in the literature, was carried out in the form of comprehensive literature
research and a comparison of analyzes.

1. Introduction

The distance to the linear parameters is an important
factor in a landslide. The distance to road, fault and drainage
is frequently preferred for these parameters. In the literature,
while some researchers were using all 3 parameters in the
same study, some researchers evaluated only 2 of them. In
most studies, only one of the three was preferred.

Wang and Li [1], Kornejady et al. [2], Chen et al. [3],
Hong et al. [4], Jaafari et al. [5], Panchal and Shrivastava
[6], Rozos et al. [7], Kumtepe et al. [8] used all three
parameters in their studies. Pourghasemi and Rossi [9]
determined that landslides were reduced when moving away
from drainage, roads and faults, according to expert opinion.
Tanoli et al. [10], Zhang et al. [11], Kamp et al. [12], Blesius
and Weirich [13], and Van Westen et al. [14] emphasized
that it is very important for landslide susceptibility analysis
to use distance to river and highway. According to Hong et
al. [4], Poudyal et al. [15], Preuth et al. [16], and Lee and
Chi [17], geological faults and roads are accepted as factors
that can affect landslides. Bai et al. [18], Ozdemir [19], and
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Barredo et al. [20] evaluated the distance of the river and
fault as a landslide susceptibility factor.

One of the factors that destroys the natural topography
and affects the stability in slopes is the situation of the
existing road networks [21-25]. The construction of
infrastructural elements like roads is accepted as human
construction activity that affects slope instability. Slopes are
shears for road construction, vegetation is altered, and
highway tourism increases because of the economic activity
near the roads [26]. The general concept is that the
horizontal and natural sections around a road are more
susceptible to landslides [7]. For this reason, landslides can
occur on roads and around the edges of slopes that are
affected by roads [27-30]. In other words, landslides can
occur in slopes where roads intersect [31]. Many researchers
claim that the existence of roads in mountainous areas
increases the change that landslides will form [32-38].
Because of the reasons these explanations reveal, the road
proximity parameter is used in landslide susceptibility map
studies [2, 39-41]. The construction of infrastructure
elements like roads is accepted as human construction
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activity that affects slope instability.

One of the parameters chosen in the preparation of
landslide susceptibility maps is the structural elements. In
particular, faults represent suitable conditions for landslides
[42]. Faults create a weak line or region of heavily crushed
rocks [40]. Generally, the distance or proximity to faults
parameter is used. There may be a significant relationship
between the landslide settlement areas' proximity to the fault
[43]. Tectonic activities can play an important role in large-
scale landslides [44]. Zhang et al. [11] stated that the
landslide hazard is closely related to the distance from the
faults. In the literature, other studies are prepared to measure
the effects of the distance from the faults on landslides [45-
51]. Pourghasemi and Rossi [9] defend that there is a direct
relationship between the distance from the faults and the
frequency of landslides. Cevik and Topal [52] stated an
inverse relationship exists between the landslide distribution
and the distance to the fault. In the literature, most
researchers stated that landslides are frequently seen in areas
in proximity to the fault [53-56], and landslide
susceptibility/hazard/risk will increase in said areas [57, 58].
Likewise, landslides decrease as they move away from fault
lines [9, 59-61]. Therefore, the parameter is considered one
of the main causes of landslides [62] and it is recommended
to use it as a parameter [63]. Cellek et al. [64] searched
nearly 300 studies about landslide susceptibility and listed
the most used parameters. They stated that distance to the
fault is ranked 9th among the literature's top 10 most
preferred parameters. This parameter was used in 120
studies. Gokgeoglu and Aksoy [65] field observations have
shown that most of the landslides occurred very close to
faults in their study area. Mathew et al. [66] observed that
faults are one of the most important factors affecting the
stability of slopes in the study area. Thus, they selected the
fault buffer as one of the independent variables. Ozsahin
[67] conducted a study in an area with active faults. As a
result, he stated that the distance from the faults effectively
affected the landslide. Likewise, Korkmaz [68] noted that
the faults in the study area affect the landslide. Xu et al. [6],
Regmi et al. [69] and Wang et al. [63] stated that landslides
occur along the fault line in the study area, and landslides
decrease sharply as they move away from them. Ahmed et
al. [2014] stated that the most likely triggering factor for
large rock mass move in the study areas is proximity to the
fault [30].

In contrast, some studies argue that proximity to the
fault isn’t the main parameter in the landslide susceptibility
study. Kayastha et al. [71] stated that they expect landslides
to occur near the faults and decrease as the distance
increases. However, they found that most landslides in their
area occurred more than 100 meters away from faults. In this
case, they concluded that faults and folds aren’t the main
factors for landslides. Likewise, Zhang et al. [72] stated in

the literature that many studies had associated landslides
with proximity to the fault, but the data in their study area
don’t reflect this.

There are more studies that argue that proximity to the
fault isn’t the main parameter in the landslide susceptibility
study. Kayastha et al [71] stated that they expect landslides
to occur near the faults and decrease as the distance
increases. However, they found that the majority of
landslides in their area also occurred more than 100 meters
away from faults. In this particular case, they concluded that
faults and folds aren’t the main factors for landslides to
occur. Likewise, Zhang et al. [72] stated in the literature that
many studies have associated the occurrence of landslides
with proximity to the fault, but the data in their study area
don’t reflect this.

In many parts of the world, drainage plays an
important role in landslides [73, 74]. Because a soil close to
the drainage may have higher water content than any other
soil far from the drainage [75].

In many studies on the preparation of landslide
susceptibility maps, researchers have used the proximity of
the drainage as a parameter in landslide evaluations by
making use of field observations [1-3, 10, 38, 49, 50, 56, 58,
76-78]. More than half of the landslides in Turkey are
observed in the generation of active faults around 60 km
wide [79]. This study examined landslide studies conducted
in various regions of the world. Landslides that had occurred
in areas near faults in Turkey have been analyzed. As a
result of the study, the faults in landslide areas were selected
and compared with the literature in Turkey.

The effects of proximity to the drainage on landslide
susceptibility can be evaluated in two ways. Firstly, it is
seen that the discontinuity surfaces on the unstable slope
can’t resist the pull of gravity, and the collapse facilitates
ground movements [80].

Latter relates to the degree of saturation of the material
on the slope. The effects of groundwater and surface water
also increase with the proximity to the drainage network.
The drainages can negatively affect stability by eroding the
slopes or saturating the bottom of the material until the
water level rises. Therefore, the proximity of drainage is an
important factor in stability [3, 49, 50].

A comprehensive field survey should be conducted to
determine the effects of drainage on the slope. Statistical
analysis shows that a strong relationship can be observed
between landslide distribution and distance to drainage [18].
However, in determining the impact on landslides, it is
uncertain how to use the main drainages or tributaries that
make up the drainage network, and in which distances [81].

Hasekiogullart [82] states that 37 of its studies were
used as a distance to the river. The usage rate of this
parameter, which is evaluated among topographic
parameters and called drainage, is expressed as 72.73% in
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the studies examined by Siizen and Kaya [83]. Cellek et al.
[64], found that distance to drainage was the 6th most
preferred parameter with 153 studies in 300 studies that they
examined.

2. Effects on Parameters of Landslides

The parameter of distance to road, fault and drainage
disrupts the landslide susceptibility. Parameters separately
or together create this effect. The effects on landslides are
investigated by using many methods and techniques. The
literature for the preparation of linear parameter maps
utilizes field studies, topographic maps for studied areas,
prepared data sets or linear parameter maps, aerial
photographs, and various satellite data from low-resolution
images such as Google Earth to high-resolution images such
as the multispectral L1SS-4 satellite, Aster, and QuickBird.
Apart from this, there are those that gather current data with
road, fault, drainage networks, GPS, and navigation devices.
The researchers digitized these maps using certain ArcGIS
programs [66, 82].

2.1. The Effect of the Road Distance Parameter
on Landslides

Based on its position on the slope, a previously or
newly constructed road could cause landslides [84], but the
rate of landslide decreases as the age of the road increases
[85]. Road construction alters vegetation [22, 28, 57, 86].
This increases human activity with economic activity
conducted in areas close to the roads [26, 87]. High slope
changes the stress status and slope balance [32, 88]. It
causes the application of static and dynamic loads [11, 54,
55]. The traffic frequent vibrations that vehicles cause [23,
46, 57, 64, 89, 90] trigger the fragmenting-loosening [38,
50] of rocks with bursts in an uncontrolled manner.

Road construction works and over vibration frequency
generated by these works are effective in the occurrence of
landslides [1-3, 9, 10] because it causes the loss of toe
support based on the places where the roads pass the slope
and because it would bring additional loads to the slope. On
slopes that were balanced before road construction, cracks
occur due to increased tension in the back of the slope after
the construction [90]. Cracks that form trigger landslide
events, as they are being subjected to negative effects such
as water input that can come from outside [11, 58, 90].
Gravel materials on roads were designed and compressed to
endure heavy loads to make surfaces flat and impermeable.
During severe rainfall, they make road surfaces
impermeable and provide rapid land flow and surface flow
[23, 58].

Despite this, a certain section of the road can function

as a barrier, a network resource, a network pool, or a
corridor for water flow [91-93]. It can indirectly cause
landslides by increasing the water concentration in the
slope, including saturated slopes [11, 30]. Another crucial
point is the change of natural hydraulic roads that may water
to concentrate in the imbalanced sections of the slope [27].
In addition to these effects, roads cause the emergence of
ground waters on the surface, because the roads interrupt the
continuity of the slope, and the waters are collected by road
drainage systems. Since inadequately or incorrectly
projected drainage facilities are unable to securely evacuate
these waters with precipitation after severe rainfall, they
stand out as an element that triggers landslides [94].

In the literature there are researchers who have
identified landslides originating from road construction
work in their study areas [95]. Tangestani [96] reported that
development activity in the Kakan region caused the
increase of road density. Field observations demonstrate
that the possibility increases for slides in places where roads
pass by worn, excessively worn, or semicircular rock units
or by loosened soil in steep slopes. Dahal [97] reported that
roads constructed without taking precautions negatively
affected slopes and that many landslides were identified
along newly constructed roads. Abedini et al. [76] used this
parameter  because  landslides  occurred  during
reconstruction and road expansion in their study area. Ataol
and Yesilyurt [98] determined that many new landslides and
mudslides materialized during road construction work.

Sidle [99] revealed in their study that mass movements
were between 30 and 340 times greater in slopes that passed
through roads than those that didn’t. Piehl et al. [100],
reported in a study they conducted in Oregon that landslides
that occur based on roads constitute 72% of all landslides.
Cellek [95] reported that many landslides occurred during
the work for a newly constructed road and that the
construction work triggered mass movements, even though
the study area wasn’t a landslide region. Demir [101] and
Regmi et al. [69] reported that landslides occurred in their
study area due to construction work on the road. Alexakis et
al. [102] accepts the expansion of highway networks as a
key factor for the separation of mudslide hazard zones.

2.1.1. The Effect of Distance to Faults with
Other Parameters on Landslide

The road parameter is an anthropological factor that
causes landslides. It is evaluated together with its effect on
landslides, rock bursts, vibration frequency of vehicles
passing by on the road, slope change, adding of load to the
toe, presence of touristic activity along the road [restaurants
and businesses], the change in vegetation, and the effects of
precipitation and drainage water.
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2.1.1.1. Relationship with Anthropology

The road parameter effect originates from human
activity in the area of landslides. They increase human
activity with economic activity conducted in areas close to
the roads [103]. According to the research, the frequency
vibrations caused by cars on highways in turn cause
landslides [104]. Many researchers have reported that roads
along slope imbalance in study areas are the most influential
anthropogenic factor [31, 40, 57, 63, 74, 75, 92, 105-110]

2.1.1.2. Relationship with Hydrogeology

Water can become concentrated in the imbalanced
sections of the slope because of change on hydraulic roads
during road construction [27]. Roads cause the emergence
of ground waters on the surface because the roads interrupt
the continuity of the slope, and the waters are collected by
road drainage systems. Since inadequately or incorrectly
projected drainage facilities are unable to securely evacuate
these waters with precipitation after severe rainfall, they
stand out as an element that triggers the landslides [94].
Indeed, Ataol and Yesilyurt [98] observed in the sections in
which there was slope imbalance in their study area that
landslides with the water satiating the ground in rainy
periods. Dahal et al. [111] encountered landslides that
happened due to water that was unable to drain in the roads
in their study area.

2.1.1.3. Relationship with Vegetation

Transportation lines that cause destruction in
vegetation have a clear influence over landslides [22, 57,
112]. Some researchers reported that deforestation
performed during road work caused landslides. For
example, Petley et al. [113] correlated increasing landslide
activity to road construction that caused changes in land use
in their study in the rugged regions of Nepal. Dahal [97] said
that highway access was established after deforestation in
the study area but that the deforestation caused the
deterioration of the side slope stability.

2.1.1.4. Relationship with Slope

Comprehensive excavations, the implementation of
static and dynamic loads, water drainage, the removal of toe
support, and vegetation are some of the most common acts
that occur in road network slopes during construction. These
load changes are also responsible for triggering landslides
[3, 22, 24, 57, 87, 109, 113, 114].

2.1.1.5. Relationship with Load Change

During road construction in areas in which there are
lithological units suitable for the landslides, slopes must be
made to lean further to one side, slope loads must be
decreased, and barriers must be made [98]. Generally,
interrupting the lower slope during the construction of roads
damages the natural condition of the slope. In this manner,
the slope change causes landslides [2, 40, 69]. Zeng et al.
[110] reported that landslides in the Enshi region occurred
at slopes whose slope changed during road construction.

2.2. Effect of Distance to Faults on Landslide

Faults weaken rock masses and soil material. This
makes them more susceptible to landslides [50]. Rocks and
soils are made due to breaking and unbalancing by
proximity to faults. Therefore it is considered as a potential
factor contributing to landslide [88]. The effect of faults to
landslides can be evaluated in two ways. Firstly, it increases
the probability of a landslide with energy output. Secondly,
due to increasing shear resistance to occur landslides [115].
Faults have a strong effect on the strength of the rock [93].
Faults generally reduce the strength of the surrounding rock
mass by shear, seismic shake and other mechanisms [40, 74,
116]. Faults generate weakness zones in rocks [117]. Faults
divide the rock mass into blocks or pieces, causing joints
and breaks [47, 90]. In addition, they increase pore pressure
and permeability by negatively affecting the zones of
discontinuity, fracture and joints preexisting in rocks. This
causes deep weathering zones [62, 118, 119]. In landslide
susceptibility studies, the effect of faults is related to the
constitutive of fracture and discontinuities of slope [120].
By reducing the shear strength due to intensive shearing [1,
56], it speeds up the weathering process [66] and increases
the fracture ratio [121]. This causes rock slides [91]. It also
produces discontinuities in rocks [120]. This results in
sudden breaks [90] and fragmentation [45] in the rocks.
According to Ruff and Czurda [122], the bedrock close to
the structural elements is tectonically under tension. So they
are highly unstable. Due to the faults, the soil becomes a
resistless condition that can cause landslides [112].

2.2.1. The Effect of Distance to Faults with
other Parameters on Landslide

Parameters make the area more sensitive to landslides.
The lithology of the area is the first parameter that should
be evaluated with the distance to fault parameter. It becomes
a trigger by making weak zones in the rock weaker or
creating new weak zones. Water condition is another
parameter that should be evaluated together with the fault.
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Of course, erosion and weathering must also be evaluated.
Groundwater flow varies along these planes as weathering
zones are formed. Groundwater zones can change because
of the fault plane. As a result weathering zones comprise.
Climate condition is one of the parameters that should be
evaluated with this parameter. In addition, weather
conditions make the environment prepared by the fault even
more insensitive, especially in heavy rains. Also, slope and
elevation are parameters that can be evaluated together with
the distance to fault parameter. Relatively higher slopes and
higher areas are more affected by faulting.

2.2.1.1. Relationship with Lithology

It has been observed that geological parameters,
distance to the fault and lithology trigger landslides together
under appropriate conditions [44].

Ercanoglu [123] states that the main reason for
approaching proximity to structural elements is that
lithological units may become weaker due to the high
tension and deformation characteristics of being close to
these elements. Proximity to the fault, in general, not only
affects the surface material structures, but also contributes
to the permeability of the land causing slope instability [11,
31, 62, 92, 124-126].

Conforti et al. [62] stated that in metamorphic rocks in
the study areas, as the distance to the fault lines decreases,
the degree of rock breakage and weathering increases and
therefore the area is prone to landslides. Kritikos and Davies
[116] stated that the main fault, schist-origin mylonite and
cataclasite, which passed through the study areas, are eroded
and cause landslides. Aghdam et al. [24] determined that
igneous rocks were broken and crushed by faults in the
study area.

2.2.1.2. Relationship with Hydrology

The presence of a fault increases landslide
susceptibility because faults can be related to abnormal
groundwater conditions [127]. Selective erosion and the
movement of water along the fault planes increase the
possibility of landslides [57], [89-90]. Fault planes are
suitable for improving infiltration and hydrostatic pressure
on slope forming material [128]. Strong weather conditions
in the faulting zone provide favorable conditions for
landslides to occur due to the weakness it creates in the rock
structure [58]. Petley et al. [113] stated that proximity to the
fault directly triggered mass movements as well as
mobilizing the material with subsequent precipitation after
faulting.

2.2.1.3. Relationship with Slope and Elevation

Ozsahin [46] states that in areas with a high slope in
the study area, the proximity parameter to the fault triggers
the landslides. Ahmed et al. [70] and Daneshvar [129] stated
that the fault movements increase the sensitivity more with
the height of the terrain.

2.3. Effects of
Parameters on Landslide

Distance to Drainage

Statistical analysis shows that there is a strong
relationship between landslide distribution and distance to
drainage [18]. However, the issue of which distances and
how to use the main drainage or tributaries that form the
drainage network on landslide formation is uncertain [81].
According to the literature, the general acceptance is that as
the distance from the drainage line increases, the landslide
frequency gradually decreases [1, 3, 4, 9, 10, 23, 130]. In
other words, closer to the drainage, landslides are more
likely to happen [7, 11, 58, 131-134]. Dai and Lee [135] and
Mossa et al. [136] found a linear decrease between the
distance to drainage and the landslide frequency.

The presence of water has an inverse relationship with
the shear strength of a substance. Since the leakage of water
near the drainage network is much more than these, the
shear strength decreases near the drainage network.

Because as the percentage of water increases, the shear
strength of the material tends to drop by half as much with
an exponential behavior. According to this fact, high
accumulation of drainage channels will lead to higher water
penetration and consequently reduced shear strength of the
formation [22, 128].

It is effective on landslides as they destroy the toe
support over time due to the erosion caused by the
weathering of the slopes. It increases the possibility of
landslides to occur again [22, 125].

With the increase of the proximity value to the
drainage network in any area, the effects of groundwater and
surface waters will increase and therefore the surface will
weather, making it more susceptible to landslides [137].

It moistens the stability of the slopes by moistening the
part of the material that forms the slope below the drainage
level or by saturating the part up to the drainage level with
water [10, 76]. With the effect of water, plasticity and
liquidity limits are reached and mass movements occur.
Water increases the weight by reducing the angle of balance,
reducing friction against it and facilitating movements
[138].

Drainage networks form valleys in areas of steep
slopes and create sensitive areas for mass movements. As
water passes through an area, it washes the rough material
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on the surface. Besides the lateral pressure, water wants to
penetrate fine-grained material. This influence can cause the
entire substance to collapse as a result of the following
process [22]. Hydrographic axes constantly change the
slopes of the drainage and therefore can be considered as
one of the main parameters in landslide manifestation [139].

There is maximum leakage along the slopes adjacent
to the currents where materials have maximum permeability
[140, 141]. It changes the surface geomorphology and
controls the flow of water in landslide prone areas.

Due to the weathering effect of the drainage, it drags
the materials from the toe point and eventually causes
stepped landslides that trigger movements from the toe to
the top elevation with lateral spreading [131]. Pore water
pressure is affected, which affects susceptibility [30].
Timilsina et al. [44], in his works, considers the closeness to
certain drainages as it applies. Because smaller drainages
are less effective in large-scale landslides.

2.3.1. The Effect of Distance to Drainage with
other Parameters on Landslide

Considering that landslides are frequently seen in river
valleys, it is revealed that distance to drainage in the basin
is an important factor along with slope and lithology in
landslides [47]. Flow and area lithology affect erosion and
weathering processes of drainage [142]. Groundwater
exchanges surface water directly by protecting the drainage
base, groundwater also provides moisture for riverside
vegetation, affects surface water and controls the shear
strength of slope materials, thereby affecting slope stability
and erosion processes [143]. Groundwater in smaller, low-
grade streams also provides most of the increased discharge
during and immediately after storms [53].

2.3.1.1. Relationship with Erosion

There are landslides caused by erosion associated with
drainage channels [57, 58, 62, 71, 77, 129, 133, 142]. In
addition, the relationship between drainage and average
erosion rate is a landslide-triggering relationship [144].

2.3.1.2. Relationship with Groundwater

The relationship between streams and groundwater is
also important [22, 44, 53, 58, 77, 92]. Distance to drainage
can affect the stability of the area as it affects underground
flow [126]. With the increase of the proximity to the
drainage network in any area, the effects of groundwater and
surface waters will increase and therefore the surface will
become more susceptible to landslides [137]. It also shows
that groundwater tends to occur as a result of the flow of

groundwater into drainages and drainages along the edges
of the valleys and, as a result, affects shearing operations
[78, 145, 146]. Groundwater basically provides base flow
for all drainages and has a major impact on the amount of
water and the chemical composition of the drainages [53].

2.3.1.3. Relationship with Vegetation

Drainage networks often affect vegetation by
providing moisture for coastal vegetation [53]. The water
supplied by the networks affect plant growth. The
vegetation capillarity affect the mass movements, as the
water in the ground takes up and evaporates with its roots,
so that the leaked water holds a soil [138]. Proximity to
drainages controls its impact on landscape evolution [116].

2.3.1.4. Relationship with Lithology

A drainage system developing on a surface is
controlled by the surface's slope and the underlying rocks'
types and attitudes [147]. Likewise, drainage channels
significantly affect bedrock incisions [70]. Kritikos and
Davies [116] argue that the riverbed reacts to the cut of the
bedrock and that they have observed increased landslide
erosion rates as the hill slope angles approach and exceed
the threshold angle. Matebie et al. [148] determined that
drainage plays an important role in changing the landscape
by carving different rocks and cutting volcanic rocks and
limestones at a depth of 1.5 km in the study areas. Pareek et
al. [142] found that the density of landslides in the study
areas is higher in the river basin than in quartzites and filites,
which are more susceptible to weathering and erosion.

2.3.1.5. Relationship with Seismic

Xu et al. [6] argued that the landslides that were
triggered by the Wenchuan earthquake mostly occurred
along the drainage lines and as these areas were more
susceptible to landslides due to drainage erosion.

2.3.1.6. Relationship with Slope

The proximity of the slope to the drainage structures is
an important factor for stability. Considering that landslides
are frequently seen in river valleys, it can be deduced that
distance to drainages in the basin is an important factor
along with lithology in landslides. Currents can adversely
affect stability by eroding slopes or saturating the bottom of
the material until it causes the water level to rise [52, 135,
149]. Pham et al. [150] determined that landslides occur in
areas with 0-40 m distance from the drainage and slope
angles greater than 15 degrees.
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2.3.1.6. Relationship with Climate

The drainage flow is low when there isn’t rain or an
inflow of melted snow. Streams immediately provide more
discharge during and after rain, snow or storms. The effect
of rivers on landslides increases in all of these events [53,
57, 77].

2. Materials and Methods

The classification of linear parameters is created using
buffers. There are important points to be considered in
classification. First of all, the action distance must be
selected. It is another important issue to determine the
intervals. Metric system is used in measurements of
distance. Mostly, meters are preferred rather than
kilometers. Distances range from 50 meters to 1 kilometer.
Class numbers can also vary between 3 and 15.

The effects of the linear parameters on landslides are
evaluated in two manners according to the literature. The
first classification notes the density of linear parameters, and
the second classification calculates the distance between the
linear parameter and the landslide. The literature mostly
prefers the second method, landslide distance/proximity.
Kumtepe et al. [8], in their study, they made buffer zoning
for 2 km for roads and 1 km for drainages.

3.1. The Classification of the Road Parameter

Conducted classifications are over creating buffer
zones. It is essential that different buffer zones are created
along the lines through which roads pass to determine the
effect of the road on the stability of the slope. The road
proximity map determines the landslide areas and
percentage distributions according to the degrees of road
proximity through a comparison with the landslide
inventory map. In the literature, studies that use equal
distance for the general area are encountered. It was seen
that some researchers performed classifications based on
previously conducted classifications. For example, Ozsahin
[46] assigned the factor of distance to the road, considering
the distinction that Yalgim et al. [143] made. Kouli et al. [87]
noted landslide-triggering activity and data layers in road
network buffer zones in the design of landslide
susceptibility maps.

Differently, some researchers applied changes to their
buffer distances according to the places they passed by. For
example, Ayalew and Yamagishi [105] reported on various
buffer thresholds in their study. The researchers’ field
observations found that the frequency of landslides was
highest within 40 m of roads in mountains, within 100 m of
coastal highways, and within 150 m in areas in which there

are tunnels. For this reason, buffers were made at a length
of 50 m along the edges of mountain roads, 100 m on coastal
highways, and 150 m around tunnels. This showed that it is
not possible to generalize a buffer application. Pourghasemi
and Rossi [9] determined that the distance at which the
effect of the road would be significantly reduced was 170
m. Despite this, some studies accept the effective distance
from 40 m to 200 m [13, 105, 151].

It is necessary to randomly create different buffer
thresholds within the study area. This also demonstrates the
importance of field surveys for landslide susceptibility
studies. Indeed, Champati Ray et al. [152] created buffer
zones by conducting field studies to support the data they
received from satellite images.

Researchers working in the local scale classify
distances to highways in tens and hundreds of meters while
mapping the typical landslide susceptibility [13, 69, 105,
111, 153, 154]. Considering the effect of roads on
landslides, they create buffers around the roads [151, 155].
Kamp et al. [12] reported that 50% of landslides that
occurred in their study area occurred because of building
and road construction excavations.

An evaluation of the literature data sought to determine
the range values and classifications used according to the
selected studies. The review first sought to identify how
many classification ranges researchers had identified. The
percentage distribution graphs were created from the studies
selected (Figure 1).

Figure 1. The percentage distributions for the buffer ranges
created for the distance to the road according to the literature

When studying Figure 1, it was generally determined
that researchers used 5 and 6 classification ranges. It is
thought that the reason for this is that few classification
ranges cannot adequately represent the area and that many
classification ranges lead to confusion in calculations.

The range values used in the studies were sought to be
identified. Some studies selected randomly were used for
this. The range number percentage distributions were
attempted to be identified (Figure 2).

It is seen from Figure 2 that the general preference in
studies is 100 m ranges and that 50 m and 200 m ranges
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follow that. It is thought that larger ranges remove
susceptibility and that smaller ranges are not meaningful or
that there are much fewer landslides that fall in the ranges.

Finally, it was studied at what kind of approximate
distance landslides occur and provide the results of the
selected studies. The largest distances according to the
literature are greater than 1000 m. The smallest distance is
between 0 and 50 m. The effect of the road on landslides
varies according to its role in the study area. Some
researchers encountered landslides in areas up to 300 m,
while other researchers found the most landslides occurred
between 40 and 80 m.

Figure 2. The percentage distribution values for the buffer
ranges created for the distance to the road according to the
literature

3.2. The Classification of the Fault Parameter

When using the proximity parameter for the structural
features, more than one buffer zone is created by
considering the different proximities. Taking this issue into
consideration, many researchers have created different
buffer zones. Researchers used meter and kilometer
measurements in their studies. 50, 60, 100, 200, 250, 300,
500, 1000 m and 1 km are class ranges that are frequently
used in the literature. Usually there are those who use equal
class ranges as well as those who use unequal ranges. There
are those who use different methods when determining the
classification. It is available to those using previously
specified class ranges.

Ozsahin [67] used the classification prepared by
Vahidnia et al. [156]. Dag et al. [81] proposed a
classification based on distances greater than m for
sensitivity if it was determined as a result of land
observations that the majority of landslides occurred in
areas very close to the faults. Again, Gok¢eoglu and Aksoy
[65] suggested a classification based on 0, 50, 100, 150, 200
and on distances greater than 200 m for sensitivity, as a
result of area research, that the majority of landslides
occurred in areas very close to faults. Rozos et al. [139], the
classes of the buffer zones “1” nearest [0-50 m], “2” very
close [51-100 m], “3” close [101-150 m], “4” middle far

[151- 200 m] and “5” named far [> 200 m]. Likewise,
Kayastha et al. [71] created 3 classes as [<100 m] very close,
[100-500 m] close, [> 500 m] far. Ozsahin and Kaymaz
[112] classified the area as very highly sensitive [<100],
moderately sensitive [100-1000], very lowly sensitive [>
1000] according to distance.

Alexakis et al. [2014] suggested a buffer distance of
500 m and Mathew et al. [2007] suggested a buffer distance
of 300 m for main faults. Alexakis et al. [102] suggested a
buffer distance of 250 m and Mathew et al. [66] suggested a
buffer distance of 100 m for minor faults. Ramakrishnan et
al. [118] created buffers for 3 types of faults in the area
consisting of major and minor faults at 100, 50 and 5 m
distances.

Some other buffer ranges used according to the
literature are as follows;

There are those who restrict the buffers of the faults at
a certain distance as well as those who don’t set an upper
limit. Mathew et al. [66] limited> 2 km for main faults and
<2 km for minor faults. Ramakrishnan et al. [118] limited>
1 km for main faults and <1 km for minor faults. Saha et al.
[157] prepared a 0.5 km wide buffer zone to represent the
area of influence of structural tectonic properties on the
landslides. Kumtepe et al. [8] used 2 km buffer zoning to
create distance maps for the fault and these zones
constituted the basis for classification. Ozdemir [19] and
Sujatha et al. [140] created scans in the study areas with a
distance of 500 meters. Pareek et al. [142], 158] limited the
buffer to 5 km. Apart from these, there are those who use
disorderly and irregular class ranges [41, 44, 45, 57, 159,
160].

In the studies examined, it was observed that the
researchers used a minimum of 3 and a maximum of 15
classes. The classification varies according to the study area.
Some class numbers used according to the literature are as
follows; It can be seen from here that 5 and 6 classes are the
most preferred. This is followed by classes 3 and 4. In the
studies examined, no researchers preferred 9, 12, 13 and 14
classes (Figure 3).

Figure 3. The percentage distributions for the buffer ranges
created for the distance to the fault according to the literature
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Uromeihy and Mahdavifar [161], Cevik and Topal
[52], Ozsahin and Kaymaz [112] stated that they expect
landslides in areas below that 50 m by giving a lower limit
while others no expect a landslide. Some class values that
aren’t observed in any landslides in the studies are as
follows, Ozsahin [46] encountered the lowest landslide
frequency values in areas close to the fault line. The range
values used in the studies were wished to be identified.
Some studies selected randomly were used for this. The
range number percentage distributions were attempted to be
identified (Figure 4).

1000m
24%

200m

Figure 4. The percentage distribution values for the buffer
ranges created for the distance to the fault according to the
literature

It is seen from Figure 4 that the general preference in
studies is 50 m ranges and that 1000 m and 100 m ranges
follow that.

3.3. The Classification of the Drainage
Parameter

The issue of which distances to pick and how to use
the main streams or tributaries that form the drainage
network on the landslide is uncertain [81]. In research, it is
observed that landslides are concentrated after 150 m in
general. In Akgiin and Tiirk, [162], it is seen that more than
50% of the landslides are within 0-200 m. He et al. [163]
determined that 85.99% of the landslides occurred in the
study areas at 749.53 m distance from the drainage. They
emphasized the high incidence of landslides in areas close
to the river. Dai and Lee [135] found in their study that
landslides gradually decrease as they move away from the
stream.

Blesius and Weirich [13] and Dai ve Lee [135], on the
other hand, determined the maximum distance as 300 m by
calculating the effect of distance to the landslide with an
equation. Ozdemir [19] prepared a buffer showing the width
of 250 m from all drainage lines. Sujatha et al. [140], Wang
et al. [63], Gandhi [147] determined in their research that
landslides occur within 500 meters of drainages. Aghdam et
al. [24] stated that distances of more than 1000 meters have
the lowest potential of landslides.

Some researchers have created a classification system
and assigned values to the classification as follows; Ozsahin
and Kaymaz [112]; <100 m [very susceptibility], 100-250
m [highly susceptibility], 250-500 m [medium
susceptibility], 500-1000 m [low susceptibility] and farther
than 1000 m > [very low susceptibility]. Rozos et al. [7],
[139]; nearest [0-50 m], nearest [51-100 m], near [101-150
m], middle far [151-200m] and far [200 m].

The most landslide distances in the studied areas; 0-20
m [164], 0 - 50 m [31], [71], [80], [160], [165], O-75
[22],[62] 0-100 m [11], [38], [47], [57], [112], 0-150 m [53],
[67], [166], 50-150 m [19], 0-200 m [1], [7], [147], [162],
[167] 100-200 m [24], 100-250 m [59], 0-250 m [131], O-
300 m [52], 200-300 m [134], 500-1000 m [67],< 1km
[124].

An evaluation of the literature data search determines
the range values and classifications used according to the
selected studies. The review was the first research to
identify how many classification ranges researchers had
identified. The percentage distribution graphs were created
from the studies selected (Figure 5).
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9 4% 2% 2% 2

8 2% &=
7 B
5%

Figure 5. The percentage distributions for the buffer ranges
created for the distance to the drainage according to the
literature

The range values used in the studies were sought to be
identified. Some studies selected randomly were used for
this. The range number percentage distributions were
attempted to be identified (Figure 6).
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Figure 6. The percentage distribution values for the buffer

ranges created for the distance to the drainage according to

the literature
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It is seen from Figure 6 that the general preference in
studies is 50 m ranges and that 200 m and 25 m, 100 m, and
500 m ranges follow that.

4. Linear Parameters Case Study of Turkey

In this study, how the linear parameters were used in
the literature, which class intervals were selected, in which
class intervals landslide occurred, were determined. In that
part of the chosen landslides in Turkey this study has tried
to investigate the effect of these parameters. Primarily, for
the study, 1: 25.000 scale landslide 64 sheets with 1: 25.000
scale were acquired from the General Directorate of Mineral
Research and Exploration [MTA]. Later, road, fault and
drainage maps of the areas were taken from the address of
the institution "http://yerbilimler.mta.gov.tr/anasayfa.aspx”.
All maps are digitized. Table 1 was prepared as a result of
analysis of distance to road, fault and drainage parameters.

Table 1. Areal distribution of landslides according to class
ranges (m?)

Distance Fault | Road Drainage | Total
0-50 15 45 11 71
50-100 15 60 11 87
100-150 17 57 12 86
150-250 33 87 26 146
250-500 74 165 70 309
500-750 64 135 68 267
750-1000 63 100 67 230
1000-1500 108 136 127 370
1500-2000 | 98 91.83 | 109 299
2000> 677 289 643 1608
Total 1163 1166 1144 3473

While calculating the class values, the three
parameters were accepted simultaneously. Thirty-eight
maps provided this requirement. Total landslide areas
according to class ranges are given in Figure 7.
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Figure 7. Class range distribution of 3 parameters according
to total landslide areas

It is determined that landslides occur in areas close to
the road, mostly in areas up to <1500 meters. The %
percentage distribution of landslide areas by parameters is

given in Figure 8.

Figure 8. Distribution of landslide areas in% by parameters

Finally, the distribution of all parameters according to
each class is given separately in Figure 9. Each graph was
created with 50 m intervals, and the value ranges are
provided in the chart titles.
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Figure 9. Landslide distribution graphs according to the
class ranges of the parameters, According to the
intermediate value, the variation of the distance to the road,
fault and drainage in the areas according to the landslides,
a) 0-50 m; b) 50-100 m, c) 100-150 m, d) 150-250 m, €)
250-500 m, f) 500-750 m, g) 750-1000 m, h) 1000-1500 m,
i) 1500-2000 m, j) >2000 m
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Figure 9. (Continued) Landslide distribution graphs according to the class ranges of the parameters, According to the
intermediate value, the variation of the distance to the road, fault and drainage in the areas according to the landslides, a) O-
50 m; b) 50-100 m, ¢) 100-150 m, d) 150-250 m, €) 250-500 m, f) 500-750 m, g) 750-1000 m, h) 1000-1500 m, i) 1500-2000

m, j) >2000 m
5. Results

According to the literature, classes ranging from 3 to
15 were selected. In this study, 10 class ranges were
preferred for each area. It was observed that different equal
class ranges from 50 m to 1000 m [1 km] were used. Apart
from that, scattered class ranges were also preferred. In this
study, a scattered class range was preferred [0-50, 50-100,

100-150, 150-250, 250-500, 500-750, 750-1000, 1000-
1500, 1500-2000 and> 2000 m].

As can be seen from here, the range of classes’
susceptibility to one area may be unfavourable for another
area. While landslide frequency values close to the fault are
high for one area, it can give the lowest landslide frequency
values for another area.

It was seen that positive results were obtained for
certain areas. It was seen that it was useful to use the
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classification range values previously used, based on the
character of the study area. For example, 50 m, 100 m, 250
m, 500 m range classification, classification range value
used in previous studies, was evaluated. It was seen that it
was useful in half of the selected map section. This
demonstrates that classification ranges must be selected
through test bias in future studies. It is emphasized that field
surveys are a useful method for research that cannot be
conducted. When all map sections were evaluated, it was
seen that more than 80% of landslides occurred in a distance
of less than 2 km. It is seen that 55% of landslides occurred
inalkm area. Asaresult, a limited number of studies were
tested with a certain number of map sections. However, by
creating options for the classification ranges and
classifications that can be selected, a study was sought to
provide ideas for future studies.

Out of 64 layouts, 5 of them don't have 3 parameters.
There was no fault in 59, 9 in 7, road in 7 and no drainage
in 9. In the study, the class ranges with the most landslides
are listed as follows: <2000, 1000-1500, 250-500, 1500-
2000, 500-750, 750-1000, 150-250, 50-100, 100-150, 0 -50
meters. Landslides are the most in order; the road can be
seen in areas close to drainage and fault.

6. Conclusions

Landslide susceptibility studies, which have been
going on for years, still continue today with the application
of different methods and parameters. In the studies,
performed methods are held in high importance, meanwhile
parameter selection is ignored. Each field has a unique
structure, and the parameters of that field should be selected
accordingly. Parameter usage is not standard. should be
selected according to the area. The same rule applies to
subparameter class selection. This study is very different
from a standard susceptibility study. Weight values are not
given to the parameters; only the class ranges of the
parameters are evaluated. Instead of comparing with other
parameters, linear parameters are evaluated within
themselves. This study shows that the selected class range
is as important as the selected parameter. And this
constitutes a more important issue than the method used.
The distances given here also shed light on what kind of
changes may occur in the studies. The point that should be
evaluated before coming to the weights of the parameters is
the distances of their values with class intervals. The ratio
of the application of large values to small values should be
considered. The distances given in this study will shed light
on the future researchers who will use these parameters, and
the researcher will consider the application distances of
these parameters in the field.

Parameter selection is particularly important in the

preparation of landslides susceptibility maps. A literature
review constitutes the first step of these types of studies.
While there are general classifications for almost no
parameters, techniques performed previously in similar
studies are implemented. This study sought to determine and
implement the distance to road, fault, drainage
classifications and range values used in the literature.

Therefore regarding the answer to the question “how
effective is the distance to linear parameters in a landslide”
these are the parameters that vary according to the study area
and are very effective according to their location.

Declaration of Ethical Standards

The author of this article declares that the materials and
methods used in this study do not require ethical committee
permission and/or legal-special permission.

Conflict of Interest

The author declares that they have no known
competing financial interests or personal relationships that
could have appeared to influence the work reported in this

paper.
Acknowledgements

This work was supported by Kirgehir Ahi Evran
University BAP Grant Number MMF.A4.18.017. | thank
Kirsehir Ahi Evran University for their support in funding
the maps used in the study.

References

[1] Dag, S., Akgiin, A., Kaya, A., Alemdag S., Bostanci
H. T., 2020. Medium scale earthflow susceptibility
modelling by remote sensing and geographical
information systems based multivariate statistics
approach: an example from Northeastern Turkey.
Environ Earth Sci., 79, pp. 468.

[2] Kornejady A., Ownegh M., Bahremand A., 2017.
Landslide susceptibility assessment using maximum
entropy model with two different data sampling
methods. Catena, 152, pp. 144-162.

[3] ChenW., Pourghasemi H. R., Kornejady A., Zhang N.,
2017. Landslide spatial modeling: Introducing new
ensembles of ANN, MaxEnt, and SVM machine
learning techniques”. Geoderma, 305, pp. 314-327.

[4] Hong H., Naghibi S. A., Pourghasemi, H. R., Pradhan,
B., 2016. GIS-based landslide spatial modeling in
Ganzhou city, China. Arab J Geosci., 9, pp. 1-26.

105



(5]

6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Seda CELLEK / Koc. J. Sci. Eng., 6(2): (2023) 94-113

Jaafari A, Najafi A, Rezaeian J, Sattarian A., 2015.
Modeling erosion and sediment delivery from unpaved
roads in the north mountainous forest of Iran.
International Journal on Geomathematics, 6, pp. 343

Pancha S, Shrivastava A. Kr., 2022. Landslide hazard
assessment using analytic hierarchy process (AHP): A
case study of National Highway 5 in India. Ain Shams
Engineering Journal, 13, pp. 101626.

Xu C., Xu X. W., 2012. Spatial prediction models for
seismic landslides based on support vector machine
and varied kernel functions: A case study of the 14
April 2010 Yushu earthquake in China. Chin J
Geophys, pp. 666-679.

Rozos D., Bathrellos G. D., Skilodimou H. D., 2010.
Landslide susceptibility mapping of the northeastern
part of Achaia Prefecture using Analytical
Hierarchical Process and GIS techniques. Paper
presented at the Proceeding of thel2th International
Congress, Patras, Greece, XLIII May, 3, pp. 1637-
1646.

Kumtepe P., Nurlu Y, Cengiz T., Siit¢ii E., 2009. Bolu
cevresinin  heyelan duyarlilik analizi [Bildiri].
TMMOB Cografi Bilgi Sistemleri Kongresi, 02-06
Kasim, [zmir: TMMOB Yayinlar1, pp 1-8.

Pourghasemi H. R., Rossi M., 2017. Landslide
susceptibility modeling in a landslide prone area in
Mazandarn Province, north of Iran: A comparison
between GLM, GAM, MARS, and M-AHP methods.
Theor Appl Climatol, 130, pp. 609-633.

Tanoli J. 1., Ningsheng C, Regmi A. D., Jun L., 2017.
Spatial distribution analysis and susceptibility
mapping of landslides triggered before and after
Mw7.8 Gorkha earthquake along Upper Bhote Koshi,
Nepal. Arabian Journal of Geosciences, 10, pp. 13.

Zhang J. Q., Liu R. K., Deng W., Khanal N. R,
Gurung D. R., Sri Ramachandra Murthy M., Wahid S.
2016. Characteristics of landslide in Koshi River
Basin, Central Himalaya. Journal of Mountain
Science, pp. 1711-1722.

Kamp U., Growley B. J., Khattak G. A., Owen L. A.
2008. GIS-based landslide susceptibility mapping for
the 2005 Kashmir earthquake region. Geomorphology,
101, pp. 631-642.

Blesius L., Weirich F. 2010. Shallow landslide
susceptibility mapping using stereo air photos and
thematic maps. Cartography and Geographic
Information Science, 37.

Van Westen C. J., Rengers N., Soeters R., 2003. Use
of geomorphological information in indirect landslide

[16]

susceptibility assessment. Natural Hazards, 30, pp.
399-419.

Poudyal C. P., Chang C., Oh H. J., Lee S. 2010.
Landslide susceptibility maps comparing frequency
ratio and artificial neural networks: A case study from
the Nepal Himalaya. Environmental Earth Sciences,
61 pp. 1049-1064.

[17] Preuth T., Glade T., Demoulin A., 2010. Stability

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

106

analysis of a human-influenced landslide in eastern
Belgium. Geomorphology, 120, pp. 38-47.

Lee Y. F., Chi Y. Y., 2011. Rainfall-induced landslide
risk at Lushan, Taiwan. Engineering Geology, 123, pp.
113-121.

Bai S. B., Wang J., Thiebes B., Cheng C., Chang Z. Y.
2014. Susceptibility assessments of the Wenchuan
earthquake-triggered landslides in Longnan using
logistic regression. Environmental Earth Sciences, pp.
731-743.

Ozdemir A., 2009. Landslide susceptibility mapping
of vicinity of Yaka Landslide [Gelendost, Turkey]
using conditional probability approach in GIS.
Environ Geol., 57, pp. 1675-1686

Barredo J. I., Hervas J., Lomoschitz A., Benavides A.,
Van W. C. 2000. Landslide hazard assessment using
GIS and multi-criteria evaluation techniques in the
Tirajana Basin, Gran Canaria Island. 5th EC GIS
Workshop.

Kavzoglu T., Sahin E. K., Colkesen I. 2014. Factor
Selection based on Chi-Square Test in Landslide
Sensitivity Analysis. V. Remote Sensing and
Geographical Information Systems Symposium
[UZAL-GIS], 14-17 Oct., Istanbul.

Saadatkhahi N., Kassimi A., Lee M. L., 2014.
Qualitative and quantitative landslide susceptibility
assessments in Hulu Kelang area, Malaysia. EJGE, 19,
pp. 545-563.

Dragicevi C. S., Lai, T., Balram S., 2015. GIS-based
multicriteria evaluation with multiscale analysis to
characterize urban landslide susceptibility in data-
scarce environment. Habitat International, pp.114—
125.

Aghdam I. N., Varzandeh M. H. M., Pradhan B., 2016.
Landslide susceptibility mapping using an Ensemble
Statistical index [Wi] and adaptive Neuro-Fuzzy
Inference System [ANFIS] Model at Alborz
Mountains [Iran]. Environ Earth Sci., 75, pp. 1-20.

Stanley T., Kirschbaum D. K., 2017. A heuristic
approach to global landslide susceptibility mapping.
Natural Hazards, 87, pp. 145, 164.



Seda CELLEK / Koc. J. Sci. Eng., 6(2): (2023) 94-113

[27] Yilmaz C., Topal T., Siizen M. L., 2012. GIS-based
landslide susceptibility mapping using bivariate
statistical analysis in Devrek [Zonguldak-Turkey].
Environmental Earth Sciences, 65, pp. 2161-2178,

[28] Alemdag S., Kaya A., Karadag, M., Gurocak, Z.,
Bulut, F. (2015). Utilization of the limit equilibrium
and finite element methods for the stability analysis of
the slope debris An example of the Kalebasi District
NE Turkey. Journal of African Earth Sciences, 106,
pp. 134-146.

[29] Akiner H., Kiligoglu C., 2015. Production of landslide
susceptibility map of Atakum [Samsun] district.
MUHJEO’2015: National Engineering Geology
Symposium, 3-5 September, Trabzon.

[30] Kaya A., Alemdag S., Dag S., Giirocak Z. 2016.
Stability assessment of high steep cut slope debris on
a landslide Gumushane NE Turkey. Bulletin of
Engineering Geology and the Environment, 75, pp. 89-
99.

[31] Meinhardt M., Fink M., Tiinschel H., 2015. Landslide
susceptibility analysis in central Vietnam based on an
incomplete landslide inventory: Comparison of a new
method to calculate weighting factors by means of
bivariate statistics. Geomorphology, 234, pp. 80-97.

[32] Tazik E., Jahantab Z., Bakhtiari M., Rezae A.,
Alavipanah S. K., 2014. Landslide susceptibility
mapping by combining the three methods Fuzzy
Logic, Frequency Ratio and Analytical Hierarchy
Process in Dozain Basin. International Conference on
Geospatial Information Research [Gl Research]. pp
15-17 November, Tehran, Iran.

[33] Pourghasemi H. R., Pradhan B., Gok¢eoglu C. 2012.
Remote sensing data derived parameters and its use in
landslide susceptibility assessment using Shannon’s
entropy and GIS. AEROTECH IV, Appl Mech Mater,
225, pp. 486-491.

[34]_Mashari S., Solaimani K., Omidvar E., 2012.
Landslide susceptibility mapping using multiple
regression and GIS tools in Tajan Basin, north of Iran.
Environment and Natural Resources Research, 2, pp.
43-51.

[35] Mohammady M., Pourghasem H. R., Pradhan B. 2012.
Landslide susceptibility mapping at Golestan Province
Iran: A comparison between frequency ratio,
Dempster-Shafer, andweights of evidence models. J
Asian Earth Sci., 61, 221.

[36] Pourghasemi H. R., Moradi H. R., Aghda S. F., 2013.
Landslide susceptibility mapping by binary logistic
regression, analytical hierarchy process, and statistical

index models and assessment of their performances.
Nat Hazards, 69, pp. 749-779.

[37] Feizizadeh B., Blaschke T., Nazmfar H., 2014. GIS-
based ordered weighted averaging and Dempster-
Shafer methods for landslide susceptibility mapping in
the Urmia Lake Basin, Iran. International Journal of
Digital Earth, 7, pp. 688-708.

[38] Jebur M. N., Pradhan B., Tehrany M. S. 2015.
Manifestation of LiIDAR derived parameters in spatial
prediction of landslides using a novel ensemble
evidential belief functions and support vector machine
models in GIS. IEEE J Sel Top Appl Earth Obs
Remote Sens., 8, pp. 674-689.

[39]_Pawluszek K., Borkowski A., 2017. Impact of DEM-
derived factors and analytical hierarchy process on
landslide susceptibility mapping in the region of
Roznéw Lake, Poland. Natural Hazards, 86, pp. 919—
952.

[40] Dehnavi A., Aghdam I. N., Pradhan B., Varzandeh M.
H. M., 2015. A new hybrid model using step-wise
weight assessment ratio analysis [SWARA] technique
and adaptive neuro-fuzzy inference system [ANFIS]
for regional landslide hazard assessment in Iran.
Catena, 135, pp. 122-148.

[41] Chen W., Wang J., Xie X., Hong H., Trung Van N.,
Bui D. T., Wang G., Li X., 2016. Spatial prediction of
landslide susceptibility using integrated frequency
ratio with entropy and support vector machines by
different kernel functions. Environ, Earth Sci., 75, pp.
1344,

[42] Sangchini E. K., Emami S. N., Tahmasebipour N.,
Pourghasemi H. R., Naghibi S. A., Arami S. A,
Pradhan B., 2016. Assessment and comparison of
combined bivariate and AHP models with logistic
regression for landslide susceptibility mapping in the
Chaharmahal-e-Bakhtiari Province, Iran. Arabian
Journal of Geosciences, 9, pp. 201.

[43] Wang J.-J., Liang Y., Zhang H.-P., Wu Y., Lin X,
2014. A loess landslide induced by excavation and
rainfall. Landslides, 11, pp. 141-152.

[44] Gokge O., Ozden S., Demir A., 2008. Spatial and
Statistical Distribution of Disasters in Turkey
Inventory of Disaster Information. Ministr of Public
Works and Settlement General Directorate of Disaster
Affairs, Department of Disaster Survey and Damage
Assessment, Ankara [In Turkish].

[45] Timilsina M., Bhandary N. P., Dahal R. K., Yatabe R.,
2014. Distribution probability of large-scale landslides
in central Nepal. 226, pp. 236-248.

107



Seda CELLEK / Koc. J. Sci. Eng., 6(2): (2023) 94-113

[46] Avci V., Giinek H., 2014. The distribution of active

landslides in Karliova Basin and surrounding [Bingo6l]
according to lithology, elevation, slope, inspection and
NDVI Parts. International Journal of Social Science,
pp. 445-464.

[47] Ozsahin E., 2015. Landslide susceptibility analysis by

geographical information systems: the case of Ganos
Mount [Tekirdag] [in Turkish]. Electronic Journal of
Map Technologies, 7, pp. 47-63.

[48] Avci V., 2016a. Analysis of landslide succeptibility of

Manav Stream Basin [Bingol], The Journal of
International Social Research., 9, pp. 42-9.

[49]_Laldintluanga Er H., Lalbiakmawia F., Lalbiaknungi

[50]

Er R., 2016. Landslide hazard zonation along state
highway between Aizawl City and Aibawk Town,
Mizoram, India Using Geospatial Techniques.
International Journal of Engineering Sciences and
Research Technology, 5.

Correa-Muiioz N. A., Higidio-Castro J. F., 2017.
Determination of landslide susceptibility in linear
infrastructure. Case: Aqueduct network in Palacé,
Popayan [Colombia]. Ingenieria e Invest, 37, pp. 17—
24,

[51]_Pham B. T., Bui D. T., Prakash I., Dholakia M. B.,

2017. Hybrid integration of multilayer perceptron
neural networks and machine learning ensembles for
landslide susceptibility assessment at Himalayan area
[India] using GIS. Catena, 149, pp. 52-63.

[52]_Sarkar S., Kanungo D. P., 2017. GIS Application in

[53]

[54]

[55]

[56]

Landslide  Susceptibility Mapping of Indian

Himalayas, GIS. Landslide, pp. 211-219.

Cevik E., Topal T., 2003. GIS-based landslide
susceptibility mapping for a problematic segment of
the natural gas pipeline, Hendek [Turkey].
Environmental Geology, pp. 949-962.

Moradi S., Rezaei M. A. 2014. GIS-based comparative
study of the analytic hierarchy process, bivariate
statistics and frequency ratio methods for landslide
susceptibility mapping in part of the Tehran
metropolis, Iran. J Geope., 4, pp. 45-61.

Meng X., Pei X,, Liu Q., Zhang X., Hu Y., 2016. GIS-
based environmental assessment from three aspects of
geology, ecology and society along the road from
Dujiangyan to Wenchuan. Mt. Res., 34, pp. 110-120.

Komac M., 2006. A landslide susceptibility model
using the analytical hierarchy process method and
multivariate statistics in perialpine  Slovenia.
Geomorphology, 74, pp. 17-28.

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

108

Achour Y., Boumezbeur A., Hadji R., Chouabbi A.,
Cavaleiro V., Bendaoud E. A., 2017. Landslide
susceptibility mapping using analytic hierarchy
process and information value methods along a
highway road section in Constantine, Algeria. Arabian
J. Geosci., 10 pp. 194.

Bourenane H., Bouhadad Y., Guettouche M. S.,
Braham M., 2015. “GIS-based landslide susceptibility
zonation using bivariate statistical and expert
approaches in the city of Constantine [Northeast
Algeria]”. Bulletin of Engineering Geology and the
Environment, 74, pp. 337-355.

Dou J., Yamagishi H., Xu Y., Zhu Z., Yunus A. P.,
2017. Characteristics of the torrential rainfall-induced
shallow landslides by typhoon bilis, in July 20086,
using remote sensing and GIS”. In book: GIS
Landslide Publisher: Springer Japan.

Avcl V., 2016b. Analysis of landslide succeptibility of
Manav Stream Basin [Bingdl]. The Journal of
International Social Research, 9, pp. 42-9.

Avci V., 2016c. Landslide susceptibility analysis of
Esence Stream Basin [Bingol] by weight- of- evidence
method. International Journal of Social Science, 44,
pp. 287-310.

Simon N. de Roéiste M., Crozier M., Rafek A. G.,2017.
Representing Landslides as Polygon [Areal] or Points?
How Different Data Types Influence the Accuracy of
Landslide Susceptibility Maps. Sains Malaysiana, pp.
27-34.

Conforti M., Pascale S., Robustelli G., Sdao F., 2014.
Evaluation of prediction capability of the artificial
neural networks for mapping landslide susceptibility in
the Turbolo River catchment [northern Calabria Italy].
Catena, pp. 236-250.

Wang H. Q., He J., Liu Y., Sun S., 2016. Application
of analytic hierarchy process model for landslide
susceptibility mapping in the Gangu County, Gansu
Province, China. Environ Earth Sci., 75, pp. 422.

Cellek S., Bulut F., Ersoy H., 2015. Utilization and
Application of AHP Method in Landslide
Susceptibility Mapping Production [Sinop and its
Surroundings]. Journal of Geological Engineering, 39
pp. 59-90.

Bostanci H. T., Alemdag, S., Giirocak Z., Goékgeoglu
2018. Combination of discontinuity characteristics and
GIS for regional assessment of natural rock slopes in a
mountainous area (NE Turkey). Catena, 165, pp. 487-
502.

Mathew J., Jha V. K., Rawat G. S. 2007. Weights of
evidence modelling for landslide hazard zonation



Seda CELLEK / Koc. J. Sci. Eng., 6(2): (2023) 94-113

mapping in part of Bhagirathi valley, Uttarakhand.
Current science, 92, pp. 628-638.

[68]_Ozsahin E., 2014. The mass movement vulnerability

[69]

evaluation of Antakya [Hatay] city through
Geographic Information Systems [GIS] and Analytic
Hierarchy Process [AHP]. Ege Cografya Dergisi, 23,
pp. 19-35.

Korkmaz H., 2006. Antakya’da zemin ozellikleri ve
deprem etkisi arasindaki iliski. Ankara Universitesi,
Tirkiye Cografya Arastirma ve Uygulama Merkezi,
Cografi Bilimler Dergisi, 4, pp. 47- 63.

[70]_Regmi N. R., Giardino J. R., McDonald E. V., Vitek

J.D., 2014. A comparison of logistic regression-based
models of susceptibility to landslides in western
Colorado, USA. Landslides, 11, pp. 247-262.

[71]_Ahmed M.F., Androgersj D., 2014. Creating reliable,

[72]

[73]

[74]

[78]

[76]

[77]

first-approximation landslide inventory maps using
ASTERDEM data and geomorphic indicators, an
example from theupper Indus River in northern
Pakistan. Environmental Engi-neering Geoscience, 20,
pp. 67-83.

Kayastha P., Bijukchhen S.M., Dhital M.R., De Smedt
F., 2013. GIS based landslide susceptibility mapping
using a fuzzy logic approach: A case study from
Ghurmi-Dhad Khola area, Eastern Nepal. Journal of
the Geological Society of India, 82, pp. 249-261.

Zhang M.S., Dong Y., Sun P.P., 2012. Impact of
reservoir impoundment-caused groundwater level
changes on regional slope stability: A case study in the
Loess Plateau of Western China. Environ Earth Sci.,
pp. 1715-1725.

Pareek N., Pal S., Sharma M.L., Arora M., K., 2013.
Study of effect of seismic displacements on landslide
susceptibility zonation [LSZ] in Garhwal Himalayan
region of India using GIS and remote sensing
techniques. Computers & Geosciences, 61, pp. 50-63.

Wu Y., Li W, LiuP., Bai H., Wang Q., He J,, Liu Y.,
Sun S., 2016. Application of analytic hierarchy process
model for landslide susceptibility mapping in the
Gangu County, Gansu Province, China. Environ Earth
Sci, 75, pp. 422.

Wan S., 2013. Entropy-based particle swarm
optimization with clustering analysis on landslide
susceptibility  mapping.  Environmental  Earth
Sciences, 68, pp. 1349-1366.

Abedini M., Ghasemyan B., Mogaddam M.H. 2017.
Landslide susceptibility mapping in Bijar City,
Kurdistan Province, Iran: A comparative study by
logistic regression and AHP models. Environ Earth
Sci., 76, pp. 308.

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

109

Acharya S., Pathak D., 2017. Landslide hazard
assessment between Besi Sahar and Tal area in
Marsyangdi River Basin, West Nepal”. Int. Journal of
Advances in Remote Sensing and GIS, 5, pp. 29-38.

Raja N.B., Cicek I., Tiirkoglu N., Aydin O., Kawasaki
A., 2017. Landslide susceptibility mapping of the Sera
River Basin using logistic regression model. Natural
Hazards, 85, pp. 1323-1346.

Can T., Duman T.Y. Olgun ., Corekgioglu S.,
Giilmez-Karakaya F., Elmaci H., Hamzacebi S., Emre
0., 2013. Tiirkiye Heyelan Veri Tabani. TMMOB
Cografi Bilgi Sistemleri Kongresi, 11-13 Kasim,
Ankara.

Dag S., Bulut F., 2012. Preparation of GIS-based
landslide susceptibility maps: Cayeli [Rize, NE
Tiirkey]. Journal of Geological Engineering, pp. 35-
62.

Gurocak, Z., Alemdag, S., Bostanci, H.T. and
Gokceoglu, C. (2017). Discontinuity controlled slope
failure zoning for a granitoid complex: A fuzzy
approach. Rock Mechanics and Engineering, 5, pp. 1-
25.

Hasekiogullar1 G.D., 2011. Assessment of parameter
effects in producing landslide susceptibility maps.
Master Thesis [in Turkish], Hacettepe University,
Turkey.

Stizen M.L., Kaya B.S., 2011. Evaluation of
environmental parameters in logistic regression
models for landslide susceptibility mapping. Int J Digit
Earth, 5, pp. 1-18.

Harr R.D., Nichols R., 1993. A Stabilizing Forest
Roads to Help Restore Fish Habitats: A Northwest
Washington Example. Environmental Science, 18.

Fransen P.J., Phillips B., Chris J., Fahey Barry D., 200.
Forest road erosion in New Zealand: overview. Earth
Surface Processes and Landforms, 1.

Ekinci D., 2014. Zonguldak-Hisar6nii Arasindaki
Karadeniz Aka¢lama Havzasinin Kiitle Hareketleri
Duyarlilik Analizi. Titiz Yayinlari, Istanbul.

Kouli M., Loupasakis C., Soupios P., Rozos D.,
Vallianatos F., 2014. Landslide susceptibility mapping
by comparing the WLC and WofE mutli-criteria
methods in the West Crete Island, Greece. Environ
Earth Sci., 72, pp. 1-25.

Che V.B., Kervyn M., Suh C.E., Fontijn K., Ernst
G.G.J., del Marmol M.A., Trefois P., Jacobs P., 2012.
Landslide susceptibility assessment in Limbe [SW



Seda CELLEK / Koc. J. Sci. Eng., 6(2): (2023) 94-113

Cameroon]: A field calibrated seed cell and
information value method. Catena, 92, 83-98.

[90] GuriP.K., Champatiray P.K., Patel R.C., 2015. Spatial
prediction of landslide susceptibility in parts of
Garhwal Himalaya, India, using the weight of
evidence modelling. Environmental Monitoring and
Assessment, 187, pp. 324.

[91] Youssef A.M., Al-Kathery M., Pradhan B., 2015.
Landslide susceptibility mapping at Al-Hasher Area,
Jizan [Saudi Arabia] using GIS-based frequency ratio
and index of entropy models. Geosci J., 19, pp. 113-
134,

[92] Devkota K.C., Regmi A.D., Pourghasemi H.R.
Yoshida K., Pradhan B., Ryu I.C., 2013. Landslide
susceptibility mapping using certainty factor, index of
entropy and logistic regression models in GIS and their
comparison at Mugling—Narayanghat road section in
Nepal Himalaya. Nat. Hazards., 65, pp. 135-165.

[93] Tsangaratos P., Benardos A., 2014. Estimating
landslide susceptibility through A artificial neural
network classifier. Natural Hazards, 74, pp. 3.

[94] Liu C-N., Wu C-C. 2007. Mapping susceptibility of
rainfall-triggered  shallow landslides wusing a
probabilistic approach. Environmental Geology, 55,
pp. 907-915.

[95] Cellek S., 2013. Landslide susceptibility analysis of
Sinop-Gerze region. Doctora Thesis [in Turkish],
KTU, Turkey.

[96] Tangestani M.H., 2004. Landslide susceptibility
mapping using the fuzzy gamma approach in a GIS,
Kakan catchment area, southwest Iran. Australian
Journal of Earth Sciences, 51, pp. 439-450.

[97] Dahal R.K., 2014. Regional-scale landslide activity
and landslide susceptibility zonation in the Nepal
Himalaya. Environmental Earth Sciences, 71, pp.
5145-5164.

[98] Ataol M., Yesilyurt S., 2014. Identification of
landslide risk zones along the Cankiri-Ankara
[between Akyurt and Cankiri] state road. Journal of
Geography, 29, pp. 51-69.

[99] Sidle R.C., 1985. Influence of Forest Harvesting
Activities on Debris Avalanches and Flows. Debris-
flow Hazards and Related Phenomena, book.

[100] Piehl B.T., Beschta R.L. Pyles M.R., 1988 .Ditch-
relief culverts and low-volume forest roads in the
Oregon Coast Range. Northwest Sci., 62, pp. 91-98.

[101] Demir G., 2011. GIS based landslide susceptibility
analysis of an area [Niksar-Susehri] on North

Anatolian fault zone. Karadeniz Teknik Universitesi,
Doctorate Thesis, Trabzon, Turkey.

[102] Alexakis D.D., Agapiou A., Tzouvaras M.,
Themistocleous K., Neocleous K., Michaelides S.,
Hadjimitsis D.G., 2014. Integrated use of GIS and
remote sensing for monitoring landslides in
transportation pavements: the case study of Paphos
area in Cyprus. Natural Hazards, 72, pp. 119-141.

[103] Alemdag S., Akgun A., Kaya A., Candan G., 2014. A
large and rapid planar failure causes mechanism and
consequences Mordut Gumushane Turkey. Arabian
Journal of Geosciences, 7, pp. 1205-1221.

[104] Mittal S.K., Singh M., Kapur P., Sharma B.K,
Shamshi M.A., 2008. Design and development of
instrument network for landslide monitoring, an issue
an early warning. Journal of Scientific &Industrial
research, 67, pp. 361-365.

[105] Ayalew L., Yamagishi H., 2005. The application of
GlS-based logistic  regression  for landslide
susceptibility mapping in the Kakuda-Yahiko
Mountains, Central Japan. Geomorphology, 65, pp.
15-31.

[106] Pradhan B., 2010a. Landslide susceptibility mapping
of a catchment area using frequency ratio, fuzzy logic
and multivariate logistic regression approaches. J Ind
Soc Rem Sens, 38, pp. 301-320.

[107] Pradhan B., 2010b. Remote sensing and GIS based
landslide hazard analysis and cross validation using
multivariate logistic regression model on three test
areas in Malaysia. Advncs Space Res, 45, pp. 1244-
1256.

[108] Demir G., Aytekin M., Akgiin A., ikizler S.B., Tatar
0., 2013. A comparison of landslide susceptibility
mapping of the eastern part of the North Anatolian
Fault Zone [Turkey] by likelihood-frequency ratio
and analytic hierarchy process methods. Natural
Hazards, 65, pp. 1481-1506.

[109] Jacobs L., Dewitte O., Poesen J., Maes J., Mertens K.,
Sekajugo J., Kervyn M., 2017. Landslide
characteristics and spatial distribution in the
Rwenzori Mountains, Uganda. Journal of African
Earth Sciences, 134, pp. 917-930.

[110] Zeng B., Xiang W., Rohn J., Ehret D., Chen X. 2017.
Assessment of shallow landslide susceptibility using
an artificial neural network in Enshi region, China.
Nat. Hazards Earth Syst. Sci., Discuss, 176.

[111] Dahal R.K., Hasegawa S., Nonomura A., Yamanaka
M., Dhakal S., Paudyal P., 2008. Predictive modeling
of rainfall-induced landslide hazard in the Lesser

110



Seda CELLEK / Koc. J. Sci. Eng., 6(2): (2023) 94-113

Himalaya of Nepal based on weights-of-evidence.
Geomorphology, 102, pp. 496-510.

[112] Ozsahin E., Kaymaz C.K., 2013. Landslide
susceptibility analysis of Camili [Macahel] Biosphere
Reserve Area [Artvin, NE Turkey]. Turkish Studies -
International Periodical For The Languages,
Literature and History of Turkish or Turkic, Turkey,
8, pp. 471-493.

[113] Petley D.N., Hearn G.., Hart A., Rosser N.J.,
Dunning S.A., Oven K., Mitchell W.A., 2007. Trends
in landslide occurrence in Nepal. Natural Hazards,
43, 23-44,

[114] Kusku I, Dalgig S., 2020. Modeling of support system
for preventing retrogressive slide of Ambarlt
landslide in Avcilar district, Istanbul. Pamukkale
Univ Muh Bilim Derg, 26, pp. 1401-1407.

[115] Mirsanei R., Mahdifar M., 2006. Methods and
optimal criteria for preparing Landslide hazard
zonation maps, Center for Natural Disasters, Iran.
Conference Paper.

[116] Kritikos T., Davies T., 2014. Assessment of rainfall-
generated shallow landslide/debris-flow
susceptibility and runout using a GIS-based
approach: Application to western Southern Alps of
New Zealand. Landslides, 12, pp. 1051-1075.

[117] Saponaro A., Pilz M., Wieland M., Bindi D.,
Moldobekov B., Parolai B., 2015. Landslide
susceptibility analysis in data-scarce regions: The
case of Kyrgyzstan. Bulletin of Engineering Geology
and the Environment, 74, pp. 1117-1136.

[118] Ramakrishnan D., Singh T.N., Verma A.K., Gulati
A., Tiwari K.C., 2013. Soft computing and GIS for
landslide susceptibility assessment in Tawaghat area,
Kumaon Himalaya, India. Natural Hazards, 65, pp.
315-330.

[119] Chen C.W., Saito H., Oguchi T., 2015. Rainfall
intensity—duration conditions for mass movements in
Taiwan, Progress in. Earth and Planetary Science, 2,
pp. 1-13.

[120] Li C., Xu W., Wu J., Gao M., 2016. Using new
models to assess probabilistic seismic hazard of the
North—South Seismic Zone in China. Nat Hazards, 82
pp. 659-681.

[121] Hessami K., Jamali F., 2006. Explanatory notes to the
map of major active faults of Iran. JSeismol Earthq
Eng., 8, pp. 1-11.

[122] Ruff M., Czurda K., 2008. Landslide susceptibility
analysis with a heuristic approach in the Eastern Alps

(Vorarlberg, Austria). Geomorphology, 94, pp. 314-
324.

[123] Ercanoglu M., 2005. Landslide susceptibility
assessment of SE Bartin (West Black Sea region,
Turkey) by artificial neural networks. Natural
Hazards Earth System Science, pp. 979-992.

[124] Roodposhti M.S., Rahimi S., Beglou M.J., 2014.
PROMETHEE Il and fuzzy AHP: an enhanced GIS-
based landslide susceptibility mapping. Nat. Hazards,
73, pp. 77-95.

[125] Sadr M.P., Abbas M., Bashir S.S., 2014. Landslide
susceptibility mapping of Komroud sub-basin using
fuzzy logic approach. Geodyn Res Int Bull., 2, pp.
14-27.

[126] llia, Tsangaratos P., 2016. Applying weight of
evidence method and sensitivity analysis to produce
a landslide susceptibility map. Landslides, pp. 379—
397.

[127] Kayastha P., Dhital M.R. De Smedt F., 2012.
Landslide susceptibility mapping using the weight of
evidence method in the Tinau watershed, Nepal.
Natural Hazards, 63.

[128] Rajakumar P., Sanjeevi S., Jayaseelan S,
Isakkipandian G., Edwin M., Balaji P,
Ehanthalingam G., 2007. Landslide susceptibility
mapping in a hilly terrain using remote sensing and
GIS. Journal of the Indian Society of Remote
Sensing, 35, pp. 31-42.

[129] Daneshvar M.R.M., 2014. Landslide susceptibility
zonation using analytical hierarchy process and GIS
for the Bojnurd region, northeast of Iran. Landslides,
11, pp. 1079-1091.

[130] Coruk O, Kavak A., 2020. Causes of Bursa Yildirim
district Mollaarap landslide and its improvement
studiesl. Pamukkale Univ Muh Bilim Dergisi, 26, pp.
1408-1412.

[131] Tasoglu 1.K., Keskin Citiroglu H., Mekik C., 2016.
GIS-based landslide susceptibility assessment: A
case study in Kelemen Valley (Yenice—Karabuk,
NW Turkey). Environmental Earth Sciences, 75, pp.
1295.

[132] Ercanoglu M., Gokceoglu C., Van Asch Th. W.J,,
2004. Landslide susceptibility zoning north of Yenice
[NW Turkey] by multivariate statistical techniques.
Natural Hazards, 32, pp. 1-23.

[133] Yusof N.M., Pradhan B., 2014. Landslide
susceptibility mapping along PLUS expressways in
Malaysia using probabilistic based model in GIS. 7th

111



Seda CELLEK / Koc. J. Sci. Eng., 6(2): (2023) 94-113

IGRSM International Remote Sensing & GIS
Conference and Exhibition.

[134] Guo D., Hamada M., He C., Wang Y., Zou Y., 2014.
An empirical model for landslide travel distance
prediction in Wenchuan earthquake area. Landslides,
11, pp. 281-291.

[135] Dai F.C., Lee C.F., 2001. Terrain-based mapping of
landslide susceptibility using a geographical
information system: A case study. Can. Geotech. J.,
pp. 911-923.

[136] Mossa S., Capolongo D., Pennetta L., Wasowski J.,
2005. A GIS-based assessment of landsliding in the
Daunia Apennines, Southern Italy, in Proceedings of
the conference Mass movementhazard in various
environments. Polish Geological Institute special
papers, 20, pp. 86-91.

[137] Komac M., 2012. Regional landslide susceptibility
model using the Monte Carlo approach - The case of
Slovenia. Geological Quarterly, 56, pp. 41-54.

[138] Ekinci D., 2005. Karadeniz Ereglisi'nin Zemin
Hareketleri Duyarlilik Sahalarmin Siniflandirilmasi
ve Yiiksek Riskli Yerlesmelerin Zemin Stabilite
Analizi. Istanbul Universitesi Edebiyat Fakiiltesi
Cografya Boliimi Cografya Dergisi, 13, pp. 121-137.

[139] Rozos D., Bathrellos G.D., Skilodimou H.D., 2011.
Comparison of the implementation of rock
engineering system and analytic hierarchy process
methods, upon landslide susceptibility mapping,
using GIS: A case study from the Eastern Achaia
County of Peloponnesus Greece. Environ Earth Sci.,
pp. 49-63.

[140] Sujatha R., Rajamanickam G.V., Pichaimani K.,
2012. Landslide susceptibility analysis using
Probabilistic Certainty Factor Approach: A case
study on Tevankarai stream watershed, India. Journal
of Earth System Science, 121, pp. 5.

[141] Sujatha R., Rajamanickam G.V., Pichaimani K.,
2012. Landslide susceptibility analysis using
Probabilistic Certainty Factor Approach: A case
study on Tevankarai stream watershed, India., Journal
of Earth System Science, 121, pp. 5.

[142] Poudel D.D., Midmore D.J., West L.T., 1999. Erosion
and productivity of vegetable systems on sloping
volcanic ash-derived Philippine soils. Soil Sci.Soc.
Am. J., 63, pp. 1366-1376.

[143] Yalgin A., Reis S., Aydmoglu A.C., Yomralioglu
T.A., 2011. GIS-based comparative study of
frequency ratio, analytical hierarchy process,
bivariate statistics and logistics regression methods

for landslide susceptibility mapping in Trabzon, NE
Turkey. Catena, 85, pp. 274-287.

[144] Shit P.K. Bhunia G.S., Maiti R., 2016. Potential
landslide susceptibility mapping using weighted
overlay model [WOM], Modeling. Earth Systems and
Environment, 2, pp. 21.

[145] Korup O., Strom A.L., Weidinger J.T., 2006. Fluvial
response to large rock-slope failures-examples from
the Himalayas, the Tien Shan, and the New Zealand
Southern Alps. Geomorphology, 78, pp. 3-21.

[146] Tang C., Zhu J., Qi X., Ding J., 2011. Landslides
induced by the Wenchuan earthquake and the
subsequent strong rainfall event: A case study in the
Beichuan area of China. Eng Geol., 122, pp. 22-33.

[147] Gandhi M.S., 2016. Distribution of Heavy Minerals
and its Provenance Studies of Mahabalipuram Beach,
South East Coast of Chennai, Tamil Nadu. Acta
Pharmaceutica Sciencia, 7, pp. 1-28.

[148] Matebie M., NetraP.B.R.Y ., 2015. Effect of landslide
factor combinations on the prediction accuracy of
landslide susceptibility maps in the Blue Nile Gorge
of Central Ethiopia. Geoenvironmental Disasters, 2.

[149] Saha A.K., Gupt R.P., Arora M.K., 2002. GIS-based
landslide hazard zonation in the Bhagirathi [Ganga]
valley, Himalaya. Int J Remote Sens, 23, pp. 357—
369.

[150] Pham B.T., Tien Bui D., Indra P., Dholakia M., 2015.
Landslide susceptibility assessment at a part of
Uttarakhand Himalaya, India using GIS-based
statistical approach of frequency ratio method. Int J
Eng Res Technol., 4, pp. 338-344.

[151] Larsen M.C., Parks J.E., 1997. How wide is a road?
The association of roads and mass-wasting in a
forested montane environment. Earth Surface
Processes and Landforms, 22, pp. 835-848.

[152] Champati ray P.K., 2004. GIS based landslide
modelling, In: Nagarajan R [ed], Landslide disaster:
Assessment and monitoring. Anmol Publications,
New Delhi, pp. 81-96.

[153] Bhatt B., Awasthi K., Heyojoo B., Silwal T., Kafle
G., 2013. Using geographic information system and
analytical hierarchy process in landslide hazard
zonation. Applied Ecology and Environmental
Sciences, 1, pp. 14-22.

[154] Ahmed B., Rubel Y.A., 2013. Understanding the
issues involved in urban landslide vulnerability in
Chittagong  metropolitan ~ area,  Bangladesh.
Association of American Geographers (AAG),

112



Seda CELLEK / Koc. J. Sci. Eng., 6(2): (2023) 94-113

Washington DC, Book
10.13140/RG.2.1.4624.8003/1.

Section. DOl:

[155] Shaban A., Khawlie M., Bou Kheir R., Abdallah C.,
2001. Assessment of road instability along a
typicalmountainous road using GIS and aerial photos,
Lebanon, Eastern Mediterranean. Bulletin of
Engineering Geology and Environment, 60, pp. 93-
101.

[156] Vahidnia M.H., Ale Sheykh A.A., Ali Mohammadi
A., Hosseinali F., 2009. Landslide hazard zonation
using quantitative methods in GIS. International
Journal of Civil Engineering, 7, pp. 176-189.

[157] Saha A.K., Gupta R.P., Sarkar I., Arora M.K,
Csaplovics E., 2005. An approach for GIS-based
statistical landslide susceptibility zonation—with a
case study in the Himalayas. Landslides, 2, pp. 61—
69.

[158] Pareek N., Sharma M.L., Arora M.K., 2010. Impact
of seismic factors on landslide susceptibility
zonation: a case study in part of Indian Himalayas.
Landslides, 7, pp. 191-201.

[159] Khanlari G.R., Abdi Y., Babazadeh R., 2014.
Landslide hazards zonation using GIS in
Khoramabad, Iran. Journal of Geotechnical Geology,
Winter, 9, pp. 343-352.

[160] Akinct H., Ozalp-Yavuz A., Ozalp M., Temugin-
Kiliger S., Kiligoglu C., Everan E., 2014. Production
of landslide susceptibility maps using bayesian
probability theorem. 5. Remote Sensing-GIS
Symposium [Uzal-GIS], 14-17 Oct., Istanbul.

[161] Uromeihy A., Mahdavifar M.R., 2000. Landslide
hazard zonation of the Khorshrostam area, Iran.
Bulletin of Engineering Geology and the
Environment, 58, pp. 207-213.

[162] Akgin A., Tirk N., 2010. Landslide susceptibility
mapping for Ayvalik [Western Turkey] and its
vicinity by  multicriteria  decision  analysis.
Environmental Earth Sciences, 61, pp. 595-611.

[163] He S., Li D., Wu Luo Y., 2011. Study on the rainfall
and aftershock threshold for debris flow of post-
earthquak. J. Mountain Sci., pp. 750-756.

[164] Erener A., Lacasse S., 2007. Landslide susceptibility
mapping using GIS. TMMOB Chamber of Survey
and Cadastre Engineers National Geographic
Information Systems Congress, KTU, Turkey.

[165] Yal¢in A., Bulut F., 2007. Landslide susceptibility
mapping using GIS and digital photogrametric
techniques; a case study from Ardesen [NETurkey].
Natural Hazard, 41, pp. 201-226.

[166] Yalgin A., 2008. GIS-based landslide susceptibility
mapping using analytical hierarchy process and
bivariate statistics in Ardesen [Turkey]: Comparisons
of results and confirmations. Catena, 72 (1) 1, 12.

[167] Chen S.C., Chang C.C., Chan H.C., Huang L.M., Lin
L.L., 2013. Modeling typhoon event-induced
landslides using GIS-based logistic regression: A
case study of Alishan Forestry Railway, Taiwan.
Math. Prob. Eng. URL:
https://www.hindawi.com/journals/mpe/2013/72830.

113



